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FINAL REPORT FOR TRANSMISSIVITY AND CREEP ANALYSES 
Dear David, 
The Final Report presents the results of the transmissivity and 
creep analyses which you requested in your letter of September 8, 
1986. The transmissivity analysis was performed on tne Georgia 
Tech transmissivity device 	uSing 	falling 	head analytical 
procedures. 	The specimen configuration for the analysis was as 
follows 
AL PL/SOIL/MIRADRAIN 6000/RUBBER/AL PL 
The transmissivity test was conducted at normal stresses of 200, 
1000, 2000, 5000 and 10000 psf and gradients of 0.25, 0.50
, 
0.75 
and 1.00. The original thickness of the MIRADRAIN 6000 was 0.466 
inches prior to compression. 
The results of the transmissivity analyses are summarized on the 
attached tables and figures. The creep test was performed at 
stress levels of 40, 60, 70, 75, and 80 percent, based on the 
compressive strength of 15062 psf. The compressive strength was 
measured in a compression/deformation test at a strain rate of 1 
mm/min. 
The specimens loaded to 80, 75 and 70 percent stress levels 
experienced complete collapse after approximately 0.0008, 0.004 
and 8 days, respectively. The specimens loaded to 40 and 60 
percent stress levels did not collapse during the 1000 hour test 
duration. 
The results of the analyses are summarized on the atached figures 
and tables. Figure 1 summarizes the results of the 
compression/deformation analyses at strain rates of 1 mm/min and 
10 mm/min. Figures 2 through 6 show the relationship between 
sample height and time for each stress level. Figure 7 shows the 
relationship between the strain and time for each of the stress 
levels. Examination of this figure shows that the core became 
unstable at a total compressive strain of about 15 to 16 percent 
at stress levels of 70, 75 and 80 percent. 
The strain rate of the specimen was also plotted as a function of 
Jog time as shown in Figures 8 and 9. 	Tnough there is 
1 
2 
considerable scatter in the data, the relationship between the 
log of the strain rate and the log of time can be approximated by 
a straight line of slope, m, where m is given by 
1 a 6,  
dl,t 
The log of the strain rate was also plotted as a function of the 
stress level, D, as shown in Figure 10. At stress levels of 70 
Percent and below (prior to failure) the relationship between the 
log of the strain rate and the stress level can be approximated 
with straight lines at all times except 1000 hrs. The poor data 
correlation at 1000 hrs is likely due to small strains and strain 
rates which were approaching the accuracy of the dial page. An 
equation for the 1 hour line would be as follows: 
A + ck 
Where A = the intercept at 15= 0. 
a = the slope of the line. 
C4 t 	— a b. 
t = the elapsed time 
(2)  
(3)  
If the strain rate at t = 1 hour is substituted into equation 
(2), and equations (1) and (2) are combined, a hyperbolic 
relationship is derived between the strain rate, the stress level 
and elapsed time. 
d 
The expression can be integrated with respect to time to give the 
constitutive equation for strain as a function of the time and 
stress level. 
If E = El, at t = 1, then: 
A ea 
= 4 % + ( i 
This expression is only valid prior to instability of the core. 
For the creep analysis of MIRADRAIN 6000, the fpllowing values of 
the creep parameters were measured from the attatched graphs: 
m = 0. 74393 
= 2.120 
A = .000E0 
(1) 
(4)  
A e.°Ct" t -1". 
4 = 	 + C. 	 5) 
When the values are substituted into ecuation 6, tne strain may 
be estimated as a function of the stress level and time. The 
calculated values of the strain for stress levels of 40, 60 and 
70 percent are summarized in Table 1 and plotted with the data in 
Figures 12. 
The data indicate that at a stress level of 60% the core was 
beginning to become unstable. Due to the small difference in 
total strain between the analyses at stress levels of 40, 60 and 
70 percent, the hyperbolic model cannot be used to predict the 
strain at which failure is likely to occur. However, it appears 
that the design load should be less that 50% of the compressive 
strength at a rate of deformation of 1 mm/min. This corresponds 
to a safe design load of about 7500 psf. 
Please contact me if you have any questions regarding the results 
of the analyses. 
Very truly yours, 
NeZ1 D. Williams, Ph.D., P.E. 
Assistant Professor 
Georgia Institute of Technology 
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TRANSMISSIVITY TEST DATA 
DATE: 9-22-86 
PROJECT ND.: ARMCO 
TEST NO.: 58 
151.5000 	 NPI3 	 5 
THE NORMAL STRESS 
TEMP 	(DEG C) 	= 
WIDTH 	ETIME 








(1'12 / 5) 
"1- R AI\12 0 
( 112/S) 
FLOWRATE 
( G 	) 
I:„00 	I . C.C./I- 1 	.0 I8.00 	2-10 1.242 
12.00 I0./5 8.1 15.00 3.10 .992 .30E-02 .24E-02 .121-.102 
12.00 	10.75 	18.6 12.00 	2-10 ./42 .30E-02 .24E-02 .86E+01 
12.00 I0.75 28.8 9.00 3.10 .492 .44E-02 .35L-02 .03L--101 
12.00 	10.75 	44.7 6.00 	3.10 ..'4'..: .49k--02 . %9E 02 .45.101 
THE NORMAL STRESS = 	1000.00 
TEMP 	(DEG C) 
WIDTH 	ETIME HIN 	HOOT HYDR TRANT TRAN20 FLOWRATE 
(IN) 	(IN) (SEC) (IN) (IN) GRAD (M2/S) (M2/S) (GPM/FT) 
:I. "... . . 	00 10.75 '0 1E3. (:) 0 3. 10 1.242 
12 „ 00 10 . '75 9 . 1 1 If".5. 0 0 3.10 .992 „ 27 E -0 2 , 2 2 1::::: -- 0 2 „ 1 OE + 0 2 
1 2 ,, 0 0 1 (D ,, "Z 5 18.8 I. '.'2. . 	(DO 3.10 .742 . :131Z -- (...) 2 .26E-02 . 9:3E.* 0 :I. 
1 2 . 00 :I. 0 „ 7 5 29.1 9.00 3.10 .492 .44E-02 „ 	:....':, ',..J 1:1 - 0 2 . 	8 :::.! ■ ::: -1- 0 1. 
12.00 10.75 45.4 6.00 :11.. 	1 0 .242 . 4 BE -0 2 „ 18 E - 02 . 	441::::. i.. 01 
THE NORMAL STRESS = 2000.00 
TEMP (DEG C) = 	 :30.00 
WIDTH ETIME 	HIN 	HOUT 	HYDR 	TRANT 	TRAN20 	FLOWRATE 
(IN) 	(IN) 	(SEC) (IN) (IN) GRAD (M2/S) (M2/S) (GPM/FT) 
12„00 10.75 .0 18.00 3.10 1.242, 
12.00 10.75 9.1 15.00 3-10 .992 .27E- 02 .22E-02 .10E+02 ' 
12.00 10.75 20.7 12%00 3.10 .742 .27E-02 .22E -02 .78E+01 
12,00 10.7 1 ; 32.7 9.00 1.10 .492 .37E-02 .30E-02 .7111101 
12.00 10.75 18.0 6.00 3.10 .242 .51E-02 .401-7.-02 .47E+01 
THE NORMAL STRESS = 5000.00 
TEMP (DEG C) = 	 70.50 
WIDTH ETIME 
	
HIN 	HOUT 	HYDR 	TRANT 	TRAN20 	FUDWPA -H - 
(I N ) 
	
(IN) 	(SEC) (IM (IN) GRAD (M2/3) (M2/S) (GPM/FM 
1
12.00 10.75 .0 :1.8 „ (7.) 3, 10 :I. 4 
1 '2.. (2)0 .L ., 7 `,".•.; :I. 0 . 15'00 3.10 .23E-02 .18E-02 	„ 	0 
=Du 	1=77"--.73 . .61E1-01 
12.00 10.75 	57.8 6.00 	3.10 .242 .43E-02 .34E-02 .39E+01 
THE NORMAL STRESS = 	10000.00 
TEMP 	(DEG C) 	= 30.50 
WIDTH 	ET I ME HIN 	HOUT HYDR TRANT TRAN20 FLOWRATE 
(IN) 	(IN) (SEC) (IN) ( IN) GRAD (M2/S) (M2/ S> (8FM/FT) 
12.00 10.75 . 0 l8.00 3.10 1.242 
12.00 I. (:.) . 	'75 11.6 1 r,5 ., 00 3.10 . 99 ..:'.. .21E-02 . 17E-0 '2 . 80E+01 
1?.00 10.75 24.8 12.00 3.10 .742 . 24E - (:)2 .19E 	02 .68E+01 
12.00 10 „ 7'.•.5 40,9 9.00 3.10 .492 . 28E- 02 .22E-02 52E+01 
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COMPRESSION CREEP TEST FOR MIRADIRAIN CUB 
ARMCO 
SUMMARY OF STAAIN DATA 
COMPRESSIVE  STRAM (-° .)
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1.220 74.000 0.415 0 . 046 1.5 ^ 2  
1 II. 	“ 	7. 7)(. .! 0 .069 3. 083  
1.240 342,000 0.395 C.092 7.125 
1.250 638.000 „ 	..:1, „ 
1.26C 0.375 
0.161 47.604 
1.280 0.355 77 .813 
1 	270 4331.000 0.345 0.207 100.646 
., 
j. 	„ 
. 000 0.335  112.313 
1.320 4529 000 0.315 0.276 94. ^ 54 
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I 	 , 	 1, 0. 0 65  2 	.63 „ 
0'G73 295.896 
El. 	1 „ 0.896 419'G ^ 3 
.."•2 iv! r:.5 F.!. F.: 	T-Jr...1 	 U7VV7).-- 













4 94  
•r , 
, 	 . 
,••• 
I 	 I 	! 
f," .! 	. 17' 
•••••• 	 , 
C- ••■ 	 „ 
;•• 	1 	In.., 1..7.• 
7.13 
0 	115 











0 . 689 
0 . 73 5 
0 . 781 
0.S27 
GB 042 
, 	 , 	 •, 
95 . 7 71 
71.313  
„ 	C . ? 
7 1 .29 2 
74.250 
77.95 ^ 
1C2. ^ 21  
118.1 25  
1^ 3.333  
169.729 

























A. 	 - 	to 
- It ç5' .6 Z4 
4-6 	 I- 
-sr 
11. 0.7 
7 . 7 7 
75% 3T ^ ESS I.._ 
•• 	 • 	 • 	 !. 	 • 	 - 	 • 	 ; •••. 
• 
! 	 1 
„  
„ 
, 	1- 7 
„ 
1 
.14079 ^ 9 	 r' .6978543 
4, „ 	7168 
t■a. 	 73'8 
7 a. 	7 	• 






„ 	 . 	 . 	 . 
iZ 
. 1312 	 ,7164 ^^  
G. . 
O0% STRESS LEVF 
T HICKNESS-




.43 9 227 ^  
.^ 36 	 .4935622 
„ 
8.499921E-03 	. ^ 817599 
4.000»0 ^ E- ^ 3 .9914162 
-4.0 00008E - 03 	( 1.008584  
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• ■• . .7. r. 	 'I.:: 	k 	1.022532 
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1.425 	 -.014 	 1.030043 
1.4252 -1.420003E-02 	/ ^^ 1.030472 
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1.030472 
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1.428 	 -1.700002E-02 1.0364G1 
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